The Cosmic-Ray Energetics And Mass (CREAM) instrument for the International Space Station (ISS) is a detector for studying the origin, acceleration and propagation mechanism of high-energy cosmic rays. The ISS-CREAM instrument is scheduled to launch in 2017 to the ISS. The Top and Bottom Counting Detectors (TCD/BCD) are designed for studying electron and gamma-ray physics. The TCD/BCD are composed of a plastic scintillator and an array of photodiodes The active detection areas of the TCD/BCD are 500 × 500 mm 2 and 600 × 600 mm 2 , respectively. The TCD/BCD were completed in 2015 and passed the environmental tests for safety in a space environment. After finishing these tests, the TCD/BCD were integrated with the payload. The TCD is located between the carbon target of the ISS-CREAM instrument and the calorimeter, and the BCD is located below the calorimeter. The TCD/BCD can distinguish between electrons and protons by using the different shapes between electromagnetic and hadronic showers in the highenergy region. We study the TCD/BCD performance in various energy ranges by using GEANT3 simulation data. Here, we present the status of the electron and proton separation study with the TCD/BCD simulation.
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Introduction
The ISS-CREAM detector will be launched in August 2017 to ISS. The ISS-CREAM detector can measure cosmic rays from 10 GeV to > 100 TeV [1] . It is expected that measurements of high energy cosmic-rays provides a key to understanding the origin and propagation of cosmic rays [2] .
The ISS-CREAM detector is composed of five sub-detectors as shown in Figure 1 . The Silicon Charge Detector (SCD) is located at the top of the ISS-CREAM detector and the Top Counting Detector (TCD) is placed under the carbon targets. The sampling Calorimeter (CAL) is between the TCD and the Bottom Counting Detector (BCD). The Boronated Scintillator Detector (BSD) is located at the bottom of the ISS-CREAM detector.
It is important to separate protons and electrons in the cosmic-ray spectrum for studying the electron spectrum. Since protons are the dominant component in cosmic rays [3] . The TCD/BCD can separate them by using the difference between electromagnetic and hadronic showers. The TCD/BCD also provide a redundant trigger in addition to the CAL trigger and a low-energy electron trigger. In this paper, the TCD/BCD and e/p separation studies using GEANT3 simulations are described. 
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Top and Bottom Counting Detectors
The TCD is located between the carbon target and the CAL, and the BCD is located below the CAL as shown in Figure 1 . The dimensions of the TCD are 901 × 551× 30 mm 3 and those of the BCD are 950 × 650 × 33 mm 3 as shown in Figure 2 . Each of the TCD/BCD consists of a plastic scintillator and 20 × 20 silicon photodiode array. The dimensions of the plastic scintillators for the TCD and BCD are 500 × 500 × 5 mm 3 and 600 × 600 × 10 mm 3 , respectively. The dimensions of the silicon photodiode are 23 mm × 23 mm × 650 µm. The plastic scintillator is attached to the silicon photodiodes by using DC 93-500 optical silicone adhesive (Dow Corning), and the silicon photodiode is attached to a printed circuit board by using Eccobond 56 C conductive epoxy (Hysol) [5] . The TCD/BCD electronics are composed of two motherboards and four daughter boards for each TCD/BCD as shown in Figure 3 . Each motherboard has three VA-TA chips [5] , an ACTEL chip and two DC-DC converters. Each daughter board has two VA-TA chips to read the signals. 
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Simulation
The TCD/BCD are designed for measuring scintillation light produced when cosmic rays pass through the plastic scintillator. The silicon photodiode converts the scintillation light from the the plastic scintillator into an electric current, and also produces electron-hole pairs when the cosmic rays pass through. As shown in Figure 4 , the CAL is placed between TCD and BCD. Thus the TCD/BCD can measure the shower shape of cosmic rays before and after they pass through the CAL.
e/p Separation Study using the GEANT3 Simulation
The TCD/BCD separate electrons and protons using the different shower shapes between electro magnetic and hadronic showers. In this study, GEANT3 simulations are used to study the separation between electrons and protons in various energy regions. In each energy region, 10,000 electrons and protons are produced using the GEANT3. A Boosted Decision Tree (BDT) [7] analysis with the shower width in the TCD/BCD, the number of hits in the TCD/BCD, the deposited energy in the TCD/BCD, and the deposited energy in the CAL are used for separating electrons from protons. The Toolkit for Multi Variable Analysis (TMVA) [7] is used to train and test the BDT, and we used ROOT [8] for data analysis.
Energy Distribution in the CAL
To distinguish between electrons and protons, we first use the distribution of deposited energy in the CAL. The energy distribution of electron is fitted using an asymmetric gaussian function. Then, the energy range of the 2σ region is determined. We select the particles which deposited the energy in the corresponding range. Figure 5 shows the deposited energy distribution of 300 GeV electrons in the CAL with asymmetric gaussian fit. The mean value is 1.295 GeV, σ le f t is 0.047 GeV and σ right is 0.071 GeV. We selected the particles with deposited energy between 1.201 GeV and 1.437 GeV in the CAL for the 300 GeV electron. Figure 4 : Schematics of the particle shower generated when electrons and protons pass through the TCD/BCD [6] .
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e/p Separation using the BDT
The BDT is one of the multivariable methods. A decision tree is a sequence of binary splits of the data. Repeated decisions are made on one single variable at a time until a stop criterion is fulfilled. There are several popular criteria to determine the best particle identification variable and best place on which to split a node. In this study, the gini criterion [9] is used. Decision trees are powerful, but not stable. A small fluctuation in the data can make a large difference in the tree. This can be improved by the use of boosting. For boosting, the training events which were misclassified have their weights increased, and a new tree is formed. This procedure is then repeated for the new tree. In this way many trees are built up. There are many methods to boost a BDT. In this study, the AdaBoost process [7] is used.
To make the BDT, the variables such as energy in the CAL, shower distribution in the TCD/BCD (RMS 2 and f-factor), the number of hits in the TCD/BCD, and deposited energy in the TCD/BCD are used. The RMS 2 is defined as
where E TCD i is the deposited energy in the ith photodiode in the TCD, x i and y i are the coordinates of the center of the energy deposited in the photodiode sensors, and x c and y c are the coordinates of the energy center in the TCD i . The f-factor is defined as
where E BCD is the deposited energy in the BCD and E CAL is the deposited energy in the CAL. These two criteria are similar to those of the ATIC analysis methods [10] . We trained and tested BDT Figure 5 : The distribution of deposited energy in the CAL by 300 GeV electrons. The distribution is fitted using an asymmetric gaussian function. The mean value is 1.295 GeV, σ le f t is 0.047 GeV and σ right is 0.071 GeV.
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Simulation Status of the Top and Bottom Counting Detectors for the ISS-CREAM Experiment S.C. Kang Figure 6 : The BDT output distribution for 300 GeV electron and 900 GeV proton. The red line is for electron events and the blue one is for proton events. The events considered to be electrons are close to 1 and those considered to be protons are close to -1.
in each energy region. The Figure 6 shows the BDT result when electron energy is 300 GeV and proton energy is 900 GeV. Since many proton events are rejected in the cut using the deposited energy in the CAL, the number of protons is smaller than the electrons. Table 1 is shows the proton rejection power and electron efficiency when BDT is larger than 0. The electron efficiency is about 93% and the proton rejection power is increased with increasing the energy
Conclusions
The ISS-CREAM detector will be launched to the ISS in August 2017. The ISS-CREAM detector will measure cosmic rays from 10 GeV to 100 TeV and expects to obtain information on their source and propagation.
Since the cosmic-ray protons account for most of the primary cosmic rays, and the absolute charges of a proton and an electron are the same, it is necessary to distinguish between protons and electrons to study the cosmic-ray electrons. The TCD/BCD can separate the protons and electrons by measuring the shower profile before and after passing through the CAL. The difference between electromagnetic and hadronic showers can be used to distinguish between electrons and protons.
In this study, we get a proton rejection power in various energy regions using GEANT3 simulation. The BDT method is used for separating electrons and protons. The variables for the analysis are the deposited energy in the CAL, the shower width in the TCD/BCD, the number of hits in the TCD/BCD, and the deposited energy in the TCD/BCD.
The electron efficiency obtained in this study is about 93%, and the proton rejection power is increased with increasing energy. The work is ongoing to study the proton rejection power and electron efficiency by generating electrons and protons according to the cosmic-ray spectrum.
